Outer membrane protein 33 (Omp33) is an outer membrane porin of Acinetobacter baumannii associated with carbapenem resistance. However, the role of Omp33 in the fitness and virulence of A. baumannii remains unknown. In the present study, we investigated the role of Omp33 in fitness and virulence of A. baumannii by using an isogenic knockout strain deficient in the omp33 gene (JPAB02), derived from the ATCC 17978 wild-type (wt). Both in vitro and in vivo defect in the growth rate was found in the JPAB02 strain in competition with the ATCC 17978 wt, highlighting the effect of Omp33 on the metabolic fitness. A significant reduction was observed both in adherence and invasion of human lung epithelial cells and in cytotoxicity of these cells and macrophages with JPAB02. In a murine peritoneal sepsis model, the JPAB02 strain exhibited lower lethal dose 0 (LD 0 ), LD 50 , and LD 100 , and dissemination in mice, with reduced bacterial concentration in spleen and lungs. From these data, we concluded that Omp33 plays an important role for fitness and virulence of A. baumannii.
Acinetobacter baumannii is a gram-negative coccobacillus nosocomial infection that has emerged as a major public health problem in developing countries. In Europe, A. baumannii was the third most common pathogen after Staphylococcus aureus and Pseudomonas aeruginosa, according to a prevalence study of infections in intensive care units in 1992, and the fifth but with variations among the continents in 2007 [1, 2] . In Spain, A. baumannii is the third leading pathogen after P. aeruginosa and S. aureus [3] . Numerous nosocomial infections induced by this microorganism such pneumonia, bacteremia, and meningitis occur in intensive care units. However, the virulence traits, and more generally the fundamental understanding of the biology of the causative agents in A. baumannii infections, remain largely unknown.
To date, only a few proteins have been identified as potential virulence factors. Pathogenic A. baumannii has been shown to express adhesins [4, 5] , hemolysins [6] , and lipoproteins [7] that could play a role in the host-cell interactions. The recent genome sequencing of A. baumannii strains has provided a basis for understanding the pathogenesis of this microorganism [8] . However, to date, few studies have elucidated the role of these determinants in the virulence of A. baumannii.
We recently constructed an A. baumannii mutant deficient in the ompA gene by insertional mutagenesis (authors' unpublished data). This advance has now made it possible to apply genetic approaches to the identification of virulence determinants and vaccine candidates in A. baumannii. In this study, we characterized a mutant of the A. baumannii obtained by insertional mutagenesis. This mutant exhibited plasmid insertion in the omp33 gene, which was described by Aranda et al [9] as encoding for Omp33, an outer membrane protein of 33 kDa. Our previous study suggested that this protein can play an important role in A. baumannii-host cell interaction by binding to fibronectin [4] . Herein, we show that the mutant Omp33 strain is less virulent and presents reduced fitness in vitro and in animal models, therefore demonstrating that Omp33 is essential for in vivo infection of A. baumannii.
MATERIALS AND METHODS

Bacterial Strains, Plasmids, and Media
Acinetobacter baumannii ATCC 17978 wild-type (wt) was used as parental strain in this study. Escherichia coli DH5α was used in the cloning experiments [10] . Plasmid pGEM-T (Promega) is an A/T cloning vector used for cloning polymerase chain reaction (PCR) products and to create the knockout by insertional mutagenesis [10] . Bacterial cells were grown in Luria-Bertani (LB) broth at 37°C with shaking. When necessary, media were supplemented with ampicillin (100 µg/mL), ticarcillin (80 µg/ mL), or tetracycline (30 µg/mL) (Sigma). The growth of bacterial cells was monitored by determining the optical density at 600 nm (OD 600 ).
Generation of Omp33 Knockout From A. baumannii ATCC 17978 wt
To construct an omp33 knockout from A. baumannii ATCC 17978 wt, an internal omp33 387-bp fragment obtained by PCR amplification with the primers Omp33 IntUp and omp33 IntLw (Table 1) was cloned into pGEM-T to give plasmid omp33-pGEM-T by using T4 DNA ligase. The resulting construct incorporated into E. coli DH5α was purified and electroporated into ATCC 17978 wt to knock out the omp33 gene. Transformants were selected on LB agar plates containing 80 µg/mL ticarcillin. The omp33 gene disruption within the resulting strain, designated JPAB02, was confirmed by PCR using a combination of primers matching the upstream region of omp33 gene and the pGEM-T Easy vector.
Complementation of JPAB02
To complement JPAB02, the omp33 gene was amplified with the EcoRI-omp33F and EcoRI-omp33R primers (Table 1) from the ATCC 17978 wt genome and cloned into the EcoRI restriction site of the pWH1266 vector yielding the pWH1266-Omp33 plasmid called p-JPAB02. p-JPAB02 was transformed into DH5α and electroporated into JPAB02. Transformants were selected on LB agar plates containing 30 µg/mL tetracycline and confirmed by PCR with the pBR322-4361F and pBR322-116R primers (Table 1) .
Analysis of OMPs and Western Blotting
Bacterial cells were grown in LB to the logarithmic phase and were lysed by sonication. Outer broth membrane proteins (OMPs) were extracted with sodium lauroyl sarcosinate (Sigma) and recovered by ultracentrifugation as described previously [4] . The OMP profiles were determined by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) using 10% SDS gels and 6 µg protein of OMPs, followed by Simply Blue SafeStain gel (Invitrogen). Western blot analysis was performed following the SDS-PAGE protocol [4] by incubating the nitrocellulose membrane with fibronectin (10 µg/mL), rabbit antihuman fibronectin, and horseradish peroxidase-conjugated goat antirabbit immunoglobulin G (IgG) antibody.
For peptide mass fingerprinting, a Simply Blue SafeStain band representing Omp33 was excised from SDS-PAGE gel and sent for MALDI-TOF-TOF (MS-MS/MS) analysis. Data obtained from peptide mass spectroscopy fingerprinting were matched against the National Center for Biotechnology Information (NCBI) database (http://www.ncbi.nlm.nih.gov) using the Mascot program.
Biofilm
An abiotic solid surface biofilm formation assay was performed as described previously [12] . In brief, we used an overnight culture diluted 1:1 in fresh LB in 96 multiwell plates that were incubated without shaking at 37°C during 24 hours. Biofilm was stained with crystal violet 0.4% (v/v) and quantified at 580 nm after solubilization with ethanol 95%.
Human Cell Culture and Infection
Type II pneumocyte cell line A549 derived from human lung carcinoma and macrophages RAW246.7 were grown in supplemented Dulbecco modified Eagle's medium as described previously [13] . The A549 cells and macrophages were seeded for 24 hours in 12-, 24-and 96-well plates and incubated with A. baumannii ATCC 17978 wt, JPAB02, or JPAB02 + p-JPAB02 during 24 hours in humidified 5% CO 2 at 37°C.
Cellular Viability
A549 cells and RAW264.7 macrophage cells were infected with 8 log colony-forming units (CFU)/mL of ATCC 17978 wt, JPAB02, or JPAB02 + p-JPAB02 during 24 hours as described previously [13] . In brief, viable A. baumannii was removed from cell cultures and A. baumannii cytotoxicity was quantified by monitoring the mitochondrial reduction activity using the MTT assay (Sigma).
Adherence and Invasion Assay
These assays were performed as described previously [7] . In brief, A549 cells infected with 8 log CFU/mL of ATCC 17978 wt, JPAB02, or JPAB02 + p-JPAB02 during 2 hours were lysed with 0.5% Triton X-100. Diluted lysates were counted to determine the attached and internalized bacteria by A549 cells.
Immunofluorescence
Immunofluorescence experiments were performed as described previously [4] . In brief, A549 cells plated on coverslips and infected with ATCC 17978 wt, JPAB02, or JPAB02 + p-JPAB02 at 37°C during 2 hours were stained with the primary antibodies mouse anti-OMPs of A. baumannii and rabbit antihuman fibronectin, and with secondary antibodies Alexa488-conjugated goat antimouse IgG or Alexa594-conjugated goat antirabbit IgG.
Peritoneal Sepsis Infection Survival Model
A murine model of peritoneal sepsis by A. baumannii was established by intraperitoneal inoculation of bacteria [14] . In brief, female mice C57BL/6 were inoculated with 0.5 mL of the bacterial suspension, obtained after growing for 20-24 hours in LB at 37°C and mixed 1:1 with a saline solution of porcine mucin at 10% (w/v). Eight groups of 6 mice C57BL/6 for each strain were inoculated with 8 decreased bacterial inocula from 7.9 to 2.3 log CFU/mL of ATCC 17978 wt, JPAB02, or JPAB02 + p-JPAB02, and mortality was monitored during 7 days. Lethal dose 50 (LD 50 ) values for the strains used in challenge studies were determined using the Probit method.
In Vitro Competition Experiments
The in vitro competition index (CI) was determined from growth cultures, consisting of ATCC 17978 wt, JPAB02, or JPAB02 + p-JPAB02, and a mixed inoculum of equivalent CFUs from ATCC 17978 wt and JPAB02 or ATCC 17978 wt and JPAB02 + p-JPAB02 as previously described [12] . Bacteria in a concentration of 5.7 log CFU/mL were grown in LB broth. At 0, 2, 4, 8, 24, 48 and 72 hours, 10 µL aliquots were taken and ATCC 17978 wt and JPAB02 CFUs were determined by plating serial log dilutions on sheep blood agar, LB agar plus ticarcillin (80 µg/mL), or tetracycline (30 µg/mL). The JPAB02 or JPAB02 + p-JPAB02 in competition with ATCC 17978 wt ( JPAB02 comp or JPAB02 + p-JPAB02 comp) was determined after plating the mixed inoculum on LB agar plus ticarcillin or tetracycline to select only the JPAB02 or JPAB02 + p-JPAB02 colonies. The ATCC 17978 wt in competition with JPAB02 (ATCC 17978 wt comp) was determined after plating the mixed inoculum on LB agar. The obtained log colony-forming units per milliliter was subtracted from the log colony-forming units per milliliter of JPAB02 comp. The CI was defined as the number of JPAB02 or JPAB02 + p-JPAB02 CFUs recovered per number of ATCC 17978 wt CFUs recovered at 24 hours, divided by the number of JPAB02 or JPAB02 + p-JPAB02 CFUs inoculated per number of ATCC 17978 wt CFUs inoculated.
In Vivo Competition Experiments
Three groups of 12 C57BL/6 mice were inoculated intraperitoneally with 4.3 log CFU/mL, which was the lower inoculum size producing 100% mortality, of ATCC 17978 wt and JPAB02 separately or with a mixed inoculum (50% of each strain). Subgroups of 3 mice were killed at 2, 4, 8, and 24 hours after inoculation and spleens were aseptically extracted. The spleens were homogenized in 2 mL of saline solution using the Stomacher 80 (Tekmar Co). To determine the bacterial load, serial dilutions 1:10 were plated as indicated above. To calculate the in vivo CI and to improve the statistical potency, 6 additional mice were inoculated and sacrificed at 24 hours.
In Vivo Dissemination of A. baumannii
Three groups of 5 C57BL/6 mice were inoculated intraperitoneally with 4.3 log CFU/mL of ATCC 17978 wt and JPAB02 separately or with a mixed inoculum (50% of each strain). Spleens and lungs were aseptically extracted at 24 hours after inoculation. The spleen and lungs were homogenized in 2 mL of saline solution using the Stomacher 80 (Tekmar Co). To determine the bacterial load, serial dilutions 1:10 were plated on sheep blood agar or LB agar plus ticarcillin (80 µg/mL) as indicated above.
Statistical Analysis
Group data are presented as mean ± SEM. For cellular viability and CI experiments, Student t test was used to determine differences between means. For peritoneal sepsis survival model, a KaplanMeier test was performed to determine the difference between mortality rates. Differences were considered significant at P < .05. The SPSS (version 15.0) statistical package was used (SPSS Inc).
RESULTS
OMP Profiles and Phenotype Comparison
The presence or absence of Omp33 in ATCC 17978 wild-type (wt), JPAB02, and JPAB02 + p-JPAB02 was confirmed by PCR (data not shown) and by SDS-PAGE analysis of OMPs ( Figure 1 ). In addition, Western blot analysis performed following incubation of OMPs of ATCC 17978 wt, JPAB02, and JPAB02 + p-JPAB02 with fibronectin (10 µg/mL), known to bind to Omp33 [4] , revealed the absence of stable complex with fibronectin at 33 kDa in JPAB02 (Figure 1 ). The corresponding band of Omp33 was excised from SDS-PAGE gel and subjected to MS-MS/MS analysis. Data obtained from peptide mass fingerprinting were matched against the NCBI database (http://www.ncbi.nlm. nih.gov). The amino acid sequences identification revealed amino acid identity of 75% with A. baumannii Omp33. From these data, we confirm the absence of Omp33 expression in JPAB02.
Competition Index In Vitro and In Vivo
The in vitro competition experiment showed statistical differences between ATCC 17978 wt and JPAB02 at 72 hours of culture (CI, .06; P = .035). ATCC 17978 wt, JPAB02, and JPAB02 + p-JPAB02 culture growth rates had a similar time course. In contrast, growth reduction of 1.22 log CFU/mL was observed for the JPAB02 strain in competition with ATCC 17978 wt. However, identical growth was observed for ATCC 17978 wt in competition with JPAB02 or JPAB02 + p-JPAB02 (Figure 2A ). The CI between JPAB02 and ATCC 17978 wt showed a significant decrease of JPAB02 growth from 1 to 0.06 between 0 and 72 hours of culture ( Figure 2B) . Meanwhile, the CI between JPAB02 + p-JPAB02 and ATCC 17978 wt was approximately 1 during 72 hours (data not shown). These data were confirmed in vivo. Bacterial burden in spleens from animals infected with ATCC 17978 wt and JPAB02 were similar at 24 hours, whereas a diminution of 2.39 log CFU/g of spleen was observed in the mixed infection group (CI, .005; P = .003; Figure 2C ). The CI between JPAB02 and ATCC 17978 wt showed a significant decrease of JPAB02 growth from 1 to 0.005 between 0 and 24 hours of culture ( Figure 2D ). These data demonstrate that loss of Omp33 affects the fitness of A. baumannii in vitro and in vivo. 
Biofilm Formation
Recently, it was showed that Omp33 plays a minor role in the formation of biofilm by A. baumannii [15] . Here, we did not detect significant differences between ATCC 17978 wt, JPAB02, and JPAB02 + p-JPAB02 in biofilm formation. Figure 3 shows the ability of ATCC 17978 wt, JPAB02, and JPAB02 + p-JPAB02 to produce biofilm (OD at 580 nm [OD 580 ]: 0.41 ± 0.04, 0.34 ± 0.02, and 0.37 ± 0.02, respectively). Furthermore, ATCC 17978 wt deficient in ompA gene did not produce biofilm (OD 580 : 0.15 ± 0.005), which shows that the absence of biofilm formation by JPAB01 was due to the deficiency in the ompA gene. Altogether, we demonstrate that loss of Omp33 did not affect significantly the ability to form biofilm.
Adherence and Invasion of A. baumannii in Human Lung Epithelial Cells
To evaluate the involvement of Omp33 in A. baumannii adherence and invasion of A549 cells, we studied the adherence and invasion of A549 cells by JPAB02 and ATCC 17978 wt for 2 hours. The data showed that JPAB02 strain was adhered to, and invaded A549 cells 52% and 51% less than ATCC 17978 wt, respectively. In contrast, JPAB02 + p-JPAB02 was adhered to, and invaded A549 cells 17% and 16% less than ATCC 17978 wt, respectively ( Figure 4A and 4B). Immunostaining of these infected A549 cells using anti-A. baumannii OMPs and the antifibronectin antibodies showed less attachment of JPAB02 to fibronectin of A549 cells in comparison with ATCC 17978 wt (12.17% ± 1.98% vs 38.37% ± 2.56%, respectively). In contrast, JPAB02 + p-JPAB02 showed similar attachment to fibronectin such as ATCC 17978 wt ( Figure 4C ). Altogether, Omp33 was involved in A. baumannii adhesion to and invasion of human lung epithelial cells.
Cell Death Induced by A. baumannii
We explored whether Omp33 plays any role in the cell death induced by A. baumannii. Cell survival assessment by MTT assay showed that 24 hours' incubation of A549 and macrophages with ATCC 17978 wt and JPAB02 + p-JPAB02 reduced cell viability to 51.98% ± 8.33% and 27.98% ± 10.00% for ATCC 17978 wt, and 57.69% ± 1.31% and 33.99% ± 5.3% for JPAB02 + p-JPAB02, respectively. In contrast, JPAB02 induced the cell viability to 77.58% ± 10.54% and 53.34% ± 12.95% of A549 cells and macrophages, respectively ( Figure 5A and 5B). These data indicate that Omp33 is involved in the cell death induced by A. baumannii.
Mortality Induced by A. baumannii
To evaluate the effect of Omp33 in A. baumannii virulence, a murine peritoneal sepsis model was carried out. For the 3 strains used in this study, mortality was dependent on the concentration of bacteria in the inoculum (Table 2) . Lethal dose (LD) 100 , LD 50 and LD 0 for JPAB02 were greater than for ATCC 17978 wt: 4.3, 3.85, and 3.4 log CFU/mL vs 3.4, 2.85, and 2.3 log CFU/mL, respectively, with ratios of 1.26, 1.35, and 1.48, respectively. The LD 50 and LD 0 for JPAB02 + pJPAB02 were lower than for JPAB02: 3.4 and 2.3log CFU/mL vs 3.85, and 3.4 log CFU/mL, respectively (Table 2) . Kaplan-Meier analysis Figure 5 . Cell death induced by Acinetobacter baumannii, mortality, and dissemination of A. baumannii in a murine peritoneal sepsis model. A549 cells (A) and macrophages (B ) were infected with 8 log colony-forming units (CFU)/mL of ATCC 17978 wt, JPAB02, and JPAB02 + p-JPAB02 strains during 24 hours. Acinetobacter baumannii cytotoxicity was assessed by monitoring the mitochondrial reduction activity using the MTT assay. Representative results of 3 independent experiments are shown and data are the mean ± SEM. P < .05: *Between A549 cells and inoculated groups; † Between inoculated groups. Mice were infected with 4.3 log CFU/mL of ATCC 17978 wt strain (dashed line) or JPAB02 strain (solid line). Mortality curves were analyzed by KaplanMeier survival analysis (C ). Mice were intraperitoneally inoculated with 4.3 log CFU/mL of ATCC 17978 wt JPAB02 strains. Bacterial loads in lungs (D ) and spleen (E ) were determined at 24 hours after infection. Data are the mean ± SEM. P < .05: *Between inoculated groups.
revealed differences between animal groups receiving the same inoculum of JPAB02 and ATCC 17978 wt of 4.3 and 3.4 log CFU/mL (P = .02 and P < .001; Figure 5C ). Moreover, KaplanMeier analysis showed that Omp33 complementation caused 50% of mice death with an inoculum of 3.4 log CFU/mL ( Figure 5C ). These results demonstrate that Omp33 plays an important role in the infective capacity and mortality caused by A. baumannii in vivo.
Dissemination of A. baumannii in Murine Peritoneal Sepsis Model
To compare the dissemination of JPAB02 and ATCC 17978 wt to different organs, we used a murine peritoneal sepsis model inoculating mice with an intraperitoneal injection of each strain separately or jointly at 4.3 log CFU/mL. Lungs and spleen showed lower bacterial concentrations in mice infected by JPAB02 than in those by ATCC 17978 wt: 6.84 ± 0.91 and 7.59 ± 0.15 log CFU/g in lungs and spleen vs 9.61 ± 0.07 log CFU/g in lungs (P = .02) and 9.55 ± 0.08 log CFU/g in spleen (P < .001), respectively ( Figure 5D and 5E). In the same way, lower bacterial concentrations in lungs for the JPAB02 (6.9 ± 0.26 log CFU/g) than for the ATCC 17978 wt (9.3 ± 0.08 log CFU/g [P < .001]) was observed in mice infected by the combined inoculums of JPAB02 and ATCC 17978 wt. Qualitative analysis of blood culture showed that 100% of these were positive with both strains in infected mice separately or in combination. These data demonstrate that loss of Omp33 affects the dissemination of A. baumannii in mice.
DISCUSSION
Both in vitro and in vivo defect in the growth rate was found in the JPAB02 (omp33 knockout) strain compared to the ATCC 17978 wt. Moreover, a reduction was observed both in adherence and invasion of human lung epithelial cells with JPAB02, as in cytotoxicity of these cells and macrophages. Additionally, JPAB02 exhibited lower LD 0 , LD 50 , and LD 100 , and lesser dissemination in a murine peritoneal sepsis model. Although A. baumannii is an emerging bacterial pathogen of considerable healthcare interest, little is known about the factors involved in the virulence of A. baumannii. In general, most A. baumannii pathogenesis studies relative to OMPs have focused on the role of OmpA [5] , whereas other OMPs have garnered less attention.
Omp33 has been shown to play an important role in the binding of A. baumannii to fibronectin of host cells [4] . Therefore, we suggest that Omp33 plays a role in A. baumannii pathogenesis and focused our effort on determining the in vitro and in vivo contributions of Omp33 to pathogenesis in the organism. As a first test of this possibility, we evaluated whether A. baumannii Omp33 affects the ability of A. baumannii to adhere to and invade epithelial cells, in part because Omp33 plays an important role in A. baumannii host cell adhesion [4] . Our results reveal that A. baumannii Omp33 is required for wild-type levels of epithelial cell adherence and invasion.
In this study, we have characterized the contribution of Omp33 in the interaction between A. baumannii and host cells, and in the cell death induced by A. baumannii by using an Omp33 knockout disrupted specifically by insertional mutagenesis. Omp33 deficiency resulted in a reduced adherence/invasion of A. baumannii in A549 cells, and cell death induced by A. baumannii. Proteomic analyses of A. baumannii culture supernatants in presence of NaCl highlighted an increased abundance of Omp33 in the extracellular space [16] . As consequent, release of Omp33 in the extracellular space allowed to this protein to be in contact with host cells. Consistent with this proposed model, Bou et al have demonstrated that recombinant Omp33 is able to induce host epithelial cell death (unpublished data). The overlap between our mutant data and the data for the recombinant Omp33 may confirm the involvement of Omp33 in the cytotoxicity induced by A. baumannii. In the same way, we recently made a proteomic analyses of outer membrane vesicles (OMVs) released in the extracellular space by A. baumannii ATCC 17978 wt strain. Proteins enriched in OMVs included OmpA, CarO, and 34 kDa OMP [17] . The gene encoding for the 34 kDa OMP had an identity of 79% (723/918 of nucleotides) with the omp33 gene. It is noteworthy to mention that A. baumannii OMVs interact with lipid rafts in the plasma membranes of host cells and then deliver virulence factors to host cells to induce cellular apoptosis [18] .
In addition, we have demonstrated that A. baumannii deficient in the omp33 gene was unable to compete with its isogenic parent strain in vitro and in vivo. Previous reports showed that Klebsiella pneumoniae and P. aeruginosa deficient in OMPs associated with carbapenem resistance, such as OmpK25, OprD, OmpK35, and OmpK36, exhibited lower fitness [14, 19, 20] . Porins are important for bacterial survival because of their role in the exchange of substances, including nutrients and toxic metabolites. OprD, another porin associated with carbapenem resistance, was involved in capture and diffusion of essential iron and magnesium [21] . In the case of Omp33, no data are available on the metabolic functions of Omp33 and its involvement in the fitness of A. baumannii. Here, we found that the loss of Omp33 affects the growth of A. baumannii that could result from the inappropriate uptake and inopportune influx of nutrients and metabolites. However, evidence to support this hypothesis is currently lacking. In the present study, the deletion of the omp33 gene in A. baumannii showed an increase in the LD 50 (10 × LD 50 of ATCC 17978 wt strain) in a mouse peritoneal sepsis model. These data confirm the in vitro results obtained with JPAB02 strain cytotoxicity in which the JPAB02 strain induced less host cell death than the isogenic parent strain. In addition, the dissemination of the JPAB02 strain in mice was lower than for the ATCC 17978 wt strain. Similarly, we demonstrated previously that A. baumannii with reduced OprD expression disseminated more slowly than the isogenic parental strain [12, 22] . The reduction in the dissemination of the Omp33-deficient strain could be due first to the lower adherence and intracellular invasion of host cells by this strain, and then to its elimination in vivo by the immune system much more easily, which reduce the virulence of this strain. These results are in agreement with other studies in which it was demonstrated that loss of porins reduced the virulence of A. baumannii [23, 24] .
In summary, our findings corroborate an essential role for Omp33 in the in vitro and in vivo pathogenesis of A. baumannii infections. This role may postulate this protein as a target for preventive vaccines against A. baumannii infections. Recently, a few reports have described that prophylactic vaccination and passive immunization using crude and isolated proteins could be highly effective for preventing and treating infections caused by A. baumannii [25] . Although A. baumannii is ubiquitous, immunization of military and other high-risk groups of patients requiring mechanical ventilation and those with burn injury could be useful.
